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ABSTRACT
Context. We carried out new observations of two fields in the star-forming northern ring of M 31 with XMM-Newton with two
exposures of about 100 ks each. A previous XMM-Newton survey of the entire M 31 galaxy revealed extended diffuse X-ray emission
in these regions.
Aims. We study the population of X-ray sources in the northern disc of M 31 by compiling a complete list of X-ray sources down to a
sensitivity limit of ∼ 7 × 1034 erg s−1 (0.5 – 2.0 keV) and improve the identification of the X-ray sources. The major objective of the
observing programme was the study of the hot phase of the interstellar medium (ISM) in M 31. The analysis of the diffuse emission
and the study of the ISM is presented in a separate paper.
Methods. We analysed the spectral properties of all detected sources using hardness ratios and spectra if the statistics were high
enough. We also checked for variability. In order to classify the sources detected in the new deep XMM-Newton observations, we
cross-correlated the source list with the source catalogue of a new survey of the northern disc of M 31 carried out with the Chandra
X-ray Observatory and the Hubble Space Telescope (Panchromatic Hubble Andromeda Treasury, PHAT) as well as with other existing
catalogues.
Results. We detected a total of 389 sources in the two fields of the northern disc of M 31 observed with XMM-Newton. We identified 43
foreground stars and candidates and 50 background sources. Based on the comparison to the results of the Chandra/PHAT survey, we
classify 24 hard X-ray sources as new candidates for X-ray binaries (XRBs). In total, we identified 34 X-ray binaries and candidates
and 18 supernova remnants (SNRs) and candidates. We studied the spectral properties of the four brightest SNRs and confirmed five
new X-ray SNRs. Three of the four SNRs, for which a spectral analysis was performed, show emission mainly below 2 keV, which
is consistent with shocked ISM. The spectra of two of them also require an additional component with a higher temperature. The
SNR [SPH11] 1535 has a harder spectrum and might suggest that there is a pulsar-wind nebula inside the SNR. For all SNRs in
the observed fields, we measured the X-ray flux or calculated upper limits. We also carried out short-term and long-term variability
studies of the X-ray sources and found five new sources showing clear variability. In addition, we studied the spectral properties of
the transient source SWIFT J004420.1+413702, which shows significant variation in flux over a period of seven months (June 2015
to January 2016) and associated change in absorption. Based on the likely optical counterpart detected in the Chandra/PHAT survey,
the source is classified as a low-mass X-ray binary.
Key words. Galaxies: individual: M31 – X-rays: binaries – X-rays: ISM – ISM: supernova remnants
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1. Introduction
The Andromeda galaxy (M 31) is the largest galaxy in the Local
Group and the nearest spiral galaxy to the Milky Way, located
at a distance of 783 kpc (Conn et al. 2016). With a similar mass
and metallicity to those of our Galaxy, it is also the closest ex-
ample of the type of galaxy that dominates redshift surveys. This
archetypal spiral galaxy thus provides a unique opportunity to
study and understand the nature and the evolution of a galaxy
similar to our own.
The star-formation history in M 31 has been studied in de-
tail in observations with both the Hubble Space Telescope and
large ground-based telescopes (e.g., the Local group Galaxies
Survey, LGS, Massey et al. 2002, 2006). Deep HST photometry
has shown that the mean age of the disc of M 31 is 6 − 8 Gyr
(Brown et al. 2006). Williams (2003) measured a mean star-
formation rate of about 1 M yr−1 in the full disc of M 31 and
produced maps of star-formation rate in different age ranges. In
addition, the northern disc was observed with the Hubble Space
Telescope over a period of 4 years in the Panchromatic Hub-
ble Andromeda Treasury (PHAT) survey (Dalcanton et al. 2012).
Each field was observed with the Advanced Camera for Surveys
(ACS) and the Wide Field Camera 3 (WFC3) yielding photome-
try of over 100 million stars in M 31 from the near-infrared (NIR)
to the ultraviolet (UV) (Williams et al. 2014b). Based on these
data the star-formation history has been measured on a few 100
pc scale (Williams et al. 2017).
At longer wavelengths, Gordon et al. (2006) showed by using
data taken with the Spitzer Space Telescope that M 31 has spiral-
arm structures merged with the prominent star-forming ring at a
radius of ∼10 kpc. The newest images of the Herschel Space
Observatory show a radial gradient in the gas-to-dust ratio and
indicate that there are two distinct regions in M 31 with different
dust properties inside and outside R ≈ 3.1 kpc (Smith et al. 2012;
Fritz et al. 2012). In addition to the well-known dust ring at a
radius of ∼10 kpc (Brinks & Shane 1984; Dame et al. 1993)
with enhanced star formation, Block et al. (2006) found a dust
ring with a radius of 1 – 1.5 kpc, which had apparently been
created in an encounter with a companion galaxy, most likely
M 32.
First observations of individual sources in M 31 in X-rays
were performed with the Einstein Observatory in the energy
band of 0.2 – 4.5 keV and yielded the first catalogues of X-
ray sources in the field of M 31 (van Speybroeck et al. 1979;
Trinchieri & Fabbiano 1991). In the 1990s, M 31 was observed
with the Röntgen Satellite ROSAT in the 0.1 – 2.4 keV band. A
total of 560 sources were confirmed in the field of M 31 (Sup-
per et al. 1997, 2001). Newer observations with the next gen-
eration X-ray satellites Chandra X-ray Observatory and X-ray
Multi-Mirror Mission (XMM-Newton) have provided a compre-
hensive list of X-ray sources and allowed the study of individ-
ual objects (e.g., Osborne et al. 2001; Kong et al. 2002b; Kaaret
2002; Williams et al. 2004; Pietsch et al. 2005; Trudolyubov
et al. 2005; Williams et al. 2006; Stiele et al. 2008; Barnard
et al. 2008; Vulic et al. 2016) in selected regions as well as in a
survey of the entire M 31 galaxy performed with XMM-Newton
between June 2006 and February 2008. The catalogue of the
first XMM-Newton survey of M 31 with 856 sources was pub-
lished by Pietsch et al. (2005, PFH05 hereafter) and an updated
XMM-Newton catalogue with 1948 sources by Stiele et al. (2011,
SPH11, hereafter).
? Based on observations obtained with XMM-Newton, an ESA sci-
ence mission with instruments and contributions directly funded by
ESA Member States and NASA.
We performed new deep observations of the northern star-
forming disc of M 31 with XMM-Newton in order to study the
morphology and properties of the hot interstellar medium (ISM)
and to study the star-formation history of M 31 by achieving a
much lower flux limit than before and thus obtaining a more
complete sample of X-ray sources in M 31. First results about
transient sources have been reported by Henze et al. (2015a,b,
2016b,c,a). In this paper, we present the point source catalogue
of the new deep XMM-Newton observations of the northern disc
of M 31. The study of the ISM using the new XMM-Newton data
is presented in a dedicated paper by Kavanagh et al. (in prep.).
2. Observations and data analysis
We have observed two fields in the northern disc of M 31 in a
large programme (LP) of XMM-Newton (PI: M. Sasaki). The
data were taken with the European Photon Imaging Cameras
(EPICs, Strüder et al. 2001; Turner et al. 2001) in full-frame
mode using the thin filter for the pn camera (EPIC-pn) and the
medium filter for the two MOS cameras (EPIC-MOS1/2), in or-
der to minimise the contamination by background but to max-
imise the sensitivity for soft diffuse emission. Each of the two
fields was observed twice. The observation IDs and effective ex-
posure times are given in Table 1. We had requested a total ex-
posure of 200 ks for each field split into two observations sepa-
rated by 6 months to study the variability of the sources. While
the first three observations (ObsIDs 0763120101, 0763120301,
and 0763120401) were carried out with exposure times of ∼90
to 100 ks, observation 0763120201 was affected by high back-
ground flares. The data were analysed using the XMM-Newton
Science Analysis System (SAS) ver. 15.0.0. Data processing and
analysis were performed in the same manner as in Sturm et al.
(2013).
2.1. Source detection
In order to perform source detection, images of each observa-
tion were created for each one of the three cameras in the energy
bands of B1 = 0.2 – 0.5 keV, B2 = 0.5 – 1.0 keV, B3 = 1.0 – 2.0
keV, B4 = 2.0 – 4.5 keV, and B5 = 4.5 – 12.0 keV. Source de-
tection was performed simultaneously on all 15 images for each
observation. Details about the source detection routine and pos-
sible uncertainties can be found in Sturm et al. (2013). We thus
obtained one final source list for each observation. This source
list includes information such as the source position, detection
likelihood, count rate, and hardness ratios (see Sect. 3.1) for each
detection.
2.2. Astrometry correction
In order to improve the astrometry of the XMM-Newton sources,
we cross-correlated the source list obtained from the source de-
tection routine with the USNO-B1.0 catalogue (Monet et al.
2003) in the optical and the 2MASS catalogue (Skrutskie et al.
2006) in the near-infrared (NIR) for each observation. The
USNO-B1.0 catalogue also contains proper motion information
for the stars, which was taken into account when comparing
the X-ray position with the optical position. For each cross-
correlation result, the optical/NIR position at the epoch of the
XMM-Newton observation was plotted on optical I,V,U images
of the Local Group Survey (LGS, Massey et al. 2002, 2006) to-
gether with the XMM-Newton positions and verified by eye. In
addition, the list was cross-correlated with the XMM-Newton cat-
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Table 1: List of XMM-Newton LP observations of the northern disc of M 31.
OBS∗ ObsID Field RA J2000.0 Dec J2000.0 Date EPIC net exposure [ks]
(hms) (dms) pn MOS1 MOS2 ∆RA† ∆Dec†
1 0763120101 1 00:44:21.99 +41:31:16.6 2015-06-28 93.2 102.1 100.8 1.30′′ –1.66′′
2 0763120201 1 00:44:21.99 +41:31:16.6 2016-01-21 54.8 80.3 79.9 0.88′′ 2.13′′
3 0763120301 2 00:44:49.38 +41:49:31.1 2015-08-11 99.0 105.2 104.9 2.03′′ –0.01′′
4 0763120401 2 00:44:54.38 +41:49:12.7 2016-01-01 61.0 91.3 91.8 –0.87′′ 1.32′′
∗: These numbers will be used in the entire manuscript to refer to the observations.
†: Attitude shift applied to the data.
alogue of SPH11, in which the X-ray sources had been classified.
Of particular interest for the astrometric correction are the fore-
ground stars and the background active galactic nuclei (AGNs).
Only firm correlations between the optical/NIR and the X-ray
positions of sources which had been identified as a foreground
star or an AGN were used to calculate the weighted mean of
the linear offset between the optical/NIR and X-ray positions for
RA and Dec separately, using the inverse of the positional er-
ror of the X-ray detections as weights. The weighted means of
the offsets in RA or Dec for the four observations were in the
range of 0.01′′ – 2.13′′. These weighted means were then used to
correct the attitude information for each observation (see Table
1). The entire source detection routine and the following cross-
correlation of the source lists with the catalogues have been car-
ried out once more using the astrometrically aligned data. The
linear offset to the optical and NIR positions for X-ray sources
identified as foreground stars or AGNs was reduced to <0.5′′.
After the correction, the offsets between coordinates had a mean
dispersion of ∼1.2′′, which is comparable to the mean positional
error of the detections (1.25′′).
2.3. Artefacts
The raw source list produced by the standard detection algorithm
includes some false detections, which have to be removed. False
detections arise for a number of reasons: out-of-time (OOT)
events, chip gaps, edges of the field of view (FOV), or wings of
the point-spread function (PSF) of brighter sources. Therefore,
not all the significant detections resulting from the source detec-
tion routine are real astrophysical sources. In addition, part of a
diffuse emission in a source-crowded region can also be listed as
a source.
Out-of-time events are caused when bright sources are ob-
served with EPIC-pn. In this case many photons are registered
while the CCD is read out, resulting in incorrect values for the
position along the read-out (RAWY) and thus causing the emis-
sion spread over the entire column. Detections of OOT events as
sources can be identified and removed by comparing the EPIC-
pn image to the EPIC-MOS1/2 images of the same observation.
In order to remove the false detections, we inspected all im-
ages one by one and verified the detections in our source list.
Also the detections on different cameras and different observa-
tions were compared with each other. False detections caused
by OOT events, chip gaps, FOV edges, and wings of the PSF
were marked as such and removed from the final source list.
Sources detected inside a crowded region with supernova rem-
nants (SNRs) or H ii regions were marked as ’diffuse’. Such a
detection was kept in the source list if it could be clearly iden-
tified with a source after the comparison with other catalogues
and data (see Sect. 2.5). The number of detected sources in the
four observations originally was 187, 125, 206, and 153, from
which 9, 2, 10, and 9 sources were removed, respectively (sorted
by ObsID).
2.4. Final source list
Once the artefacts were removed, the four detection lists of the
four new XMM-Newton LP observations have been combined
into one final source list with 389 sources. Since each of the
two positions in the northern disc of M 31 was observed twice,
most of the sources were detected in two observations. In over-
lapping regions, there are also sources which are detected three
or four times. In these cases of multiple detections, the detection
with the highest detection likelihood and thus the best statistics
was selected for the final source list. Typically, this also corre-
sponds to the detection with the best positional accuracy. The
final source list can be found in Table A.1. This table also in-
cludes the classification of the sources, either from Stiele et al.
(2012, see Sect. 2.5) or newly defined in this work. Candidates
of a source class are given in < > brackets. A mosaic image of
the four observations is shown in Fig. 1. More SNRs and XRBs
are found closer to the galactic centre than in the other parts of
the galactic disc (see Fig. 1, left). In addition, SNRs are likely
located in the ring of M 31. Supersoft sources are found closer
to the nuclear region.
2.5. Cross-correlation with other catalogues
The XMM-Newton LP source list was cross-correlated with the
catalogue of the XMM-Newton survey of M 31 by SPH11 by
searching for sources with positions that are consistent in the
two catalogues within the 3σ positional errors. The source list
was also compared with the revised list of SNRs and candidates
compiled by Sasaki et al. (2012, SPH12 hereafter). In addition,
the source list was compared to other catalogues and publica-
tions in order to classify the sources detected in the new XMM-
Newton LP survey of the northern disc of M 31, again by iden-
tifying correlations within 3 σ errors for the positions: list of
radio sources (Galvin et al. 2012; Galvin & Filipovic 2014), cat-
alogue of optical SNRs (Lee & Lee 2014), studies of XRBs by,
e.g., Barnard et al. (2008, 2012, 2014b); Williams et al. (2014a),
and the study of globular cluster (GlC) sources using the Nuclear
Spectroscopic Telescope Array (NuSTAR) by Maccarone et al.
(2016). We used the source classifications by SPH11 as a basis
and used the newer studies to confirm or revise the classifica-
tions.
2.6. Comparison to Chandra and PHAT data
Williams et al. (2018, accepted) performed a new survey of the
northern disc of M 31 with Chandra and present a combined
analysis of the Chandra data with the PHAT results. They have
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Fig. 1: Left: Exposure-corrected mosaic image in the energy band 0.2 – 1.0 keV. Marked sources are: cyan (XRBs and candidates),
yellow (SNRs and candidates), red (SSSs and candidates). XRBs and candidates, for which a spectral analysis was performed, are
additionally marked with a circle (see Sect. 3.2). Background sources with fitted spectra are marked with magenta circles. Right:
Exposure-corrected mosaic images of the XMM-Newton LP observations of the northern disc of M 31 in three colours (red: 0.2 –
1.0 keV, green: 1.0 – 2.0 keV, blue = 2.0 – 12.0 keV) with the footprints of the new Chandra survey and the PHAT survey shown
by solid green line and dashed magenta line, respectively. All images are shown in log-scale.
also performed a detailed study of the stellar population at the
position of the X-ray sources in the new Chandra catalogue. We
cross-correlated the new XMM-Newton LP source list with the
source list of the new Chandra survey of M 31. Even though
the areas of the sky, which have been observed with Chandra
and with XMM-Newton do not agree perfectly (see Fig. 1, right),
there are 197 sources which have been detected both with XMM-
Newton and with Chandra. For these sources we thus obtained
more accurate X-ray positions from the Chandra data, while the
XMM-Newton data allow us to study the spectra and time vari-
ability of the sources (see Sect. 3.2, Sect. 5). Based on the com-
parison to the results of Chandra and Hubble surveys we iden-
tified X-ray sources that coincide with foreground stars in the
Milky Way, stars, globular clusters or young clusters in M 31, or
background galaxies or galaxy clusters.
Nine out of the 43 foreground stars and candidates are also
detected with Chandra and were confirmed as foreground stars
based on the PHAT data. In addition, we identified 24 hard X-ray
sources coinciding with stars or stellar clusters in M 31, which
makes them new likely candidates for XRBs.
3. Analysis of spectral properties
3.1. Hardness ratios
Since we detect sources in different energy bands, we can obtain
information about their spectral properties by calculating their
hardness ratios, which are defined as:
HRi =
Bi+1 − Bi
Bi+1 + Bi
; EHRi = 2
√
(Bi+1EBi)2 + (BiEBi+1)2
(Bi+1 + Bi)2
,
(1)
for i=1,...4; Bi is the count rate and EBi is the corresponding
error in each energy band. The count rates and errors are deter-
mined by the source detection routine based on the maximum-
likelihood algorithm, which is applied to particle-background fil-
tered, vignetting and exposure corrected images in each band
for each EPIC for each observation (see, e.g., SPH11 or Sturm
et al. 2013, for details). All detections fulfill the requirement that
the detection maximum likelihood MLdet = −ln(P) > 6, with P
being the detection probability for Poissonian background fluc-
tuations. We assume that the count statistics is high enough in
each band to calculate the hardness ratios and to propagate the
errors. However, this is of course not the case for all sources:
e.g., for a super-soft source (SSS), the hardness ratios HR3 and
HR4, and most likely also HR2 will not yield meaningful values.
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Fig. 2: Hardness ratio diagrams for sources detected in the four new XMM-Newton observations of the northern disc of M 31. Only
sources with hardness ratio errors EHRi < 0.3 are shown. Different symbols are used for different source classes: red diamonds
for foreground stars, orange squares for SNRs, cyan triangles for SSSs, light-blue crosses for X-ray binaries, and dark-blue Xs for
background sources. Hard sources, which either can be AGNs or X-ray binaries, are marked with purple circles. Small symbols
indicate candidates for each class, confirmed classifications are marked with large symbols. Black dots are used for unclassified
sources. In HR2-HR3 diagram lines indicate the predicted position for sources with a power-law spectrum (dash-dotted lines) for
Γ = 1 (black), 2 (red), 3 (blue) and a disc black-body spectrum (dashed-dot-dotted lines) for kT = 0.5 keV (black), 1.0 keV (light
blue), 2.0 keV (green) for different absorbing foreground NH (thin dotted for 1020 cm−2, dashed for 1021 cm−2, and thick solid for
5 × 1021 cm−2).
Therefore, for further discussion, we only consider hardness ra-
tios HRi with errors<0.3. The hardness ratio diagrams are shown
in Fig. 2.
We have also calculated the hardness ratios for different
types of spectral models in order to compare the distribution of
sources in the hardness ratio diagram to expected spectral prop-
erties of the sources. In particular, we would like to understand
if we see a difference between the XRBs in M 31 and the back-
ground sources. For AGNs we assume a power-law spectrum
with Γ = 1 – 3 (Corral et al. 2011). The spectrum of an XRB in
the hard state is also dominated by a similar power-law model.
In the soft state, however, a disc black-body model will better
describe the source (see, e.g., Becker & Wolff 2005; Remillard
& McClintock 2006, and references therein).
There is a clear separation in HR2 between soft (foreground
stars, super-soft sources [SSSs], and SNRs) and hard (XRBs and
AGNs) sources as can be seen in the upper panels of Fig. 2. In ad-
dition, there seems to be a separating trend between the sources
in the background and in the M 31, which are all found in the
upper-right quadrant of the HR1-HR2 diagram (Fig. 2, top).
In Fig. 3 we show the count rate of each source vs. hardness
ratio HR2. It is obvious that the brightest sources are XRBs. In
addition, the diagram reveals that the brightest XRBs are neither
soft nor hard (HR2 = 0.0 − 0.5).
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Fig. 3: Hardness ratio HR2 over logarithm of count rate (s−1).
Same symbols as in Fig. 2 are used.
3.2. Spectra
We extracted spectra for all sources with number of counts
>∼ 100. The spectra of these sources were fitted with a power-
law model. The aim of the analysis was to determine if the hard
X-ray sources are members of M 31, background galaxies, or
AGNs. If the column density is comparable to the Galactic fore-
ground column density NH,MW in the direction of M 31 (Stark
et al. 1992), the source is most likely located in M 31. If the col-
umn density is higher than the Galactic NH,MW the source either
has an additional significantly high intrinsic NH or is located far
behind M 31. The optical counterpart of the source will allow us
to verify whether the source is a member of M 31 or is a back-
ground source. Therefore, the column density of a yet unclassi-
fied X-ray source will help us to determine its nature.
The results of the spectral analysis are given in Tables A.2
and A.3. Table A.2 lists sources, for which the optical PHAT
counterparts indicate that they are members of M 31, while
sources in Table A.3 have PHAT counterparts that are likely
background sources. Both tables list the source ID, coordinates,
the Galactic foreground NH, additional column density, photon
index of the power-law spectrum, reduced χ2 with degrees of
freedom, and the name of the observation and the EPIC instru-
ments, which have been used for the spectral analysis. An addi-
tional NH was applied for sources, for which the column density
was higher than the Galactic column density when we first fitted
the spectrum with one absorbing NH. In such a case, we froze
the first NH to the Galactic NH and included a second NH which
accounts for absorption in M 31 or for intrinsic absorption of the
source.
If the source was detected in more than one EPIC, a simul-
taneous fit was performed for the source using the spectral data
of all available EPIC detectors. For brighter sources that have
been detected in two observations, the result of the fit of the
data with higher statistics is given in Tables A.2 and A.3. If
a source was too faint for a spectral analysis in one observa-
tion, but was detected in two observations and the fluxes of the
source were similar in the two observations, we used the SAS
task epicspeccombine to combine the source spectra, back-
Fig. 4: Histograms showing the distribution of spectral fit pa-
rameters NH (Galactic and additional NH combined) and Γ for
XMM-Newton sources suggested to be located in M 31 (black)
and to be background sources (red) based on PHAT data.
ground spectra, and ancillary response and response matrix files
of each EPIC of two observations. We thus could improve the
statistics of the spectra of these sources.
In Fig. 4 we show the distribution of the obtained NH and
photon index Γ for the two samples. The NH is the sum of the
Galactic foreground NH and the additional NH obtained by the
spectral fit. The distribution of Γ seems to be similar for M 31
and background sources. The distribution of NH, by contrast, has
a peak around NH = 1.5×1021 cm−2 corresponding to the average
NH in the direction of M 31 (Milky Way and M 31 combined),
and an additional distribution at higher NH for the sources sug-
gested to be background galaxies based on PHAT data. We thus
confirm the classification of these sources to be in background
of M 31 through their X-ray spectra. However, this result also
shows that there are background sources with NH values that are
not significantly higher than the Galactic foreground. Therefore,
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Fig. 5: Cumulative X-ray luminosity functions for Fields 1 (left panel) and 2 (right panel) in the bands of 0.5 – 2.0 keV (upper
diagrams) and 2.0 – 10.0 keV (lower diagrams). The cumulative XLF of all observed sources without foreground stars is shown as
black solid line (error ranges with dotted lines), and those that have been incompleteness-corrected as blue lines. The green lines
show the estimated contribution of background AGNs in the field based on the study of Cappelluti et al. (2009). The XLF after
subtracting the background AGN contribution is shown in orange. The XLF of classified M 31 sources is shown in red.
the absorbing column density NH alone is not sufficient to sepa-
rate M 31 sources from background sources.
4. X-ray luminosity function
Using the sources from the final source list, we calculated the X-
ray luminosity functions (XLFs) for the energy ranges of 0.5 –
2.0 keV and 2.0 – 10.0 keV. To estimate the contribution of back-
ground sources, we modelled the background based on the AGN
XLF of the COSMOS survey (Cappelluti et al. 2009, shown in
green in Fig. 5). The flux limits of the COSMOS survey were
1.7× 10−15 erg cm−2 s−1 and 9.3× 10−15 erg cm−2 s−1 for the 0.5
– 2 keV and 2 – 10 keV bands, respectively. We calculated the
numbers of background sources by taking into account that they
are more absorbed (NH= 2.3×1021 cm−2 for Field 1 and 3.0×1021
cm−2 for Field 2, Kalberla et al. 2005) than sources in the fore-
ground of M 31 without intrinsic absorption (NH= 7×1020 cm−2)
and extrapolated to lower fluxes. The flux was calculated assum-
ing a power-law spectrum with a photon index of Γ = 2.0 for
the softer band (0.2 – 5.0 keV) and Γ = 1.7 for 2.0 – 10.0 keV
(Cappelluti et al. 2009).
In Fig. 5 we show the cumulative X-ray luminosity functions
of Fields 1 and 2 in the bands of 0.5 – 2.0 keV and 2.0 – 10.0 keV,
calculated from the sources detected in observations OBS1 and
OBS3. Sources identified as foreground stars are not included.
The black lines show the cumulative XLF calculated from the
detected sources, while the blue lines show the same XLFs after
correcting for incompleteness. The completeness correction is
based on sky-coverage function of each observation. The details
can be found, e.g., in Ducci et al. (2013); Saeedi et al. (2016).
The green line is the calculated XLF of background AGNs (Cap-
pelluti et al. 2009), corrected for the absorption through M 31
and scaled for the observed field size. If we subtract this con-
tribution from the corrected XLF, we should obtain the XLF of
sources in M 31 (orange lines). This is compared to the XLFs of
sources, which have been classified as SSSs, SNRs, or XRBs in
the softer band and as XRBs in the harder band (red lines).
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Fig. 6: XLFs of sources in M 31 (thick black line), X-ray bina-
ries in the Milky Way (solid grey line), low-mass X-ray binaries
(LMXBs) in the Milky Way (dashed grey line), high-mass X-
ray binaries (HMXBs) in the Milky Way (dotted grey line), and
HMXBs in the Small Magellanic Cloud (SMC, dotted light-grey
line). The data for the Milky Way are taken from Grimm et al.
(2002) and those for the SMC from Sturm et al. (2013). The XLF
of M 31 is rescaled to the size of the entire luminous disk (see
Sect. 4).
We have also calculated the cumulative XLFs for the merged
data of OBS1 and OBS2 for Field 1 and OBS3 and OBS4 for
Field 2. However, since OBS2 and OBS4 are shorter than OBS1
and OBS3, merging the results only introduces more artefacts.
While merging the data will help to detect more fainter sources,
it will not be possible to clearly separate artefacts from real
sources. In addition, both fields have been observed with large
offsets of a few arcminutes between the two pointings, which in-
creases the systematic errors due to inconsistent coverage of the
fields. Therefore, we decided to use only the longer exposures.
If we compare the XLFs of Fields 1 and 2 it is obvious that
more sources are detected in Field 1, which is closer to the nu-
clear region of M 31. The majority of these sources is probably
low-mass X-ray binaries. We also compare the XLF to those of
the XRBs in the Milky Way and the Small Magellanic Cloud
(SMC) in Fig. 6. While the data of the Milky Way and the SMC
cover the entire galaxy, our M 31 data only includes the northern
disk covering an area of 0.13 deg2. For the comparison with the
Milky Way and the SMC, we scaled the XLF of M 31 to the ap-
parent size of the disk of 1.34 deg2, based on the parameters of
the luminous disk obtained by Courteau et al. (2011). The XLF
of M 31 is consistent with that of the entire XRB population in
the Milky Way.
5. Variability studies
5.1. Flux change between two epochs
We analysed the long-term variability of the objects in the
cleaned source catalogue based on their EPIC count rates. Since
the number of counts of all detections used for the variability
study is high enough (> 20), one can assume Gaussian statistics.
The search for change in flux between the two observations at a
specific position is based on cross-matching of the coordinates
in each epoch of the south and north fields (Fields 1 and 2, re-
spectively). The matching radius was chosen to be 6′′ to account
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Fig. 7: Fractional normalised variability versus average count
rate for all sources detected in each of the two epochs of the
south (Field 1, upper panel) and north (Field 2, lower panel)
XMM-Newton EPIC fields. These diagrams show the change of
flux between two observations, which are about half a year apart.
Sources with significant variability are marked with filled blue
diamonds. Non-variable sources, where the real difference in
their count rates is smaller than their (quadratically added) un-
certainty, are marked with filled black circles. Dashed grey lines
mark the zero and 100% variability levels. Marginal histograms
show the distributions of average count rates and fractional nor-
malised variability.
for systematic offsets and the EPIC point spread function (PSF)
especially for faint objects or those close to chip gaps. The re-
sult is shown in Fig. 7. Variable sources are marked with blue
diamonds, whereas those that show no changes are indicated as
black circles.
The corresponding count rates and source numbers are listed
in Tables A.4 and A.5 for Fields 1 and 2, respectively. A source
was classified as variable (blue sources in Fig. 7) if its difference
in count rate between OBS1 and OBS2 or OBS3 and OBS4 (col-
umn "Difference") was larger than three times the square root of
the quadratically added uncertainties (columns "Error1" and "Er-
ror2", or "Error3" and "Error4"). In the column "Significance",
the ratio between the "Difference" and
√
Error12 + Error22 or√
Error32 + Error42 is given. The fractional variability in Fig. 7,
listed as "Variability" in percent in Tables A.4 and A.5, was com-
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Fig. 8: Distribution of the admixture coefficients α1 and α2 of
the principal component analysis of MOS1 light curves. This di-
agram shows the variability on time scales of 1 ks. The sources
marked with blue dots show significant variability consistently
in all data. In this plot, source 146 appears twice since it was
detected in both fields.
puted as the "Difference" divided by the "Mean Rate". In total,
55 sources show significant variability between the two epochs
in Fields 1 and 2. A total of 154 sources could not be matched
and were detected only in one observation, even though they
were observed at least twice. They are listed in Table A.6 and
can be transient sources.
5.2. Light curves
5.2.1. Light curve construction and inspection
For each source in the cleaned catalogue we extracted a source
and background light curve using the XMMSAS tools evselect
and epiclccorr. The source region sizes were scaled based on
the EPIC count rate. For pn, the background regions were de-
termined using the new ebkgreg tool. For the MOS data we
assumed a generic background annulus for a first approxima-
tion. The light curves were binned to 1-ks resolution for the few
bright objects or 10-ks resolution for the many fainter objects. A
standard energy band of 0.2 – 5.0 keV was used. Light curves of
variable sources will be shown and discussed in Sect. 5.4.
We made an initial classification of the variability in each
background-subtracted light curve based on its variance and lin-
ear trend. In addition, we computed a smoothing fit (moving av-
erage) to identify non-linear patterns like short-term flares. We
examined each light curve by eye to validate our method.
Light curves that show significant change in flux were stud-
ied in more detail in a second step. Here, we chose a tailored
time binning and energy range to characterize the light curve
shape in more quantitative detail. In addition, we defined source
and background regions by hand to optimise the event extrac-
tion. All errors are 1σ and all upper limits are 3σ unless specif-
ically stated otherwise. The majority of the statistical analysis
was carried out within the R software environment (R Develop-
ment Core Team 2011). We thus found a total of six sources that
are clearly variable, two of which show flares during an observa-
tion (Sect. 5.4).
5.2.2. Variability search with the PCA
We also followed a different approach for variability detection
in our sample. This approach is inspired by variability search
techniques used in the optical band where accurate estimates of
brightness measurement errors are often not available. We char-
acterize each light curve with the logarithm of its average count
rate and a set of 18 variability indices quantifying the light curve
smoothness and scatter (for the definition of these indices see
Sokolovsky et al. 2017). All the indices are designed to highlight
variability, but we do not know a priori which indices will work
best for our data set and variability patterns that are present in it.
We therefore combine the variability indices using the Principal
Component Analysis (PCA, Pearson 1901) and identify sources
that are more variable (according to the PCA combination of in-
dices) than the majority of sources in the field. The Principal
Component Analysis is an unsupervised, non-parametric, linear
decomposition of data into new coordinates (admixture coeffi-
cients α) of an optimal set of uncorrelated axes (the eigenvec-
tors of the variance-covariance matrix of the input data set, the
Principal Components, hereafter, PC). The principal components
(PC1 - PC18) can be thought of as variability indices, each be-
ing a linear combination of the input variability indices, while
the admixture coefficients (α1 - α18) are the values of these in-
dices. The first few PC are expected to be optimal indices. The
first principal component PC1 accounts for the highest data vari-
ance possible (more widespread information), PC2 (uncorrelated
to PC1) encodes most of the remaining variance, etc. High val-
ues of the first two admixture coefficients (α1 and α2) have been
found to generally indicate variable sources (Sokolovsky et al.
2017; Moretti et al. 2018). For a general discussion of the im-
pact of measurement errors on the PCA analysis see Hellton &
Thoresen (2014).
The method was applied to the light curves of detections
in the two M 31 fields, separately for the three EPIC detectors
MOS1/2 and pn. Sources which were detected in both fields are
first treated as two sources (due to largely different off-axis an-
gles). Any source with α1 or α2 values that differ by at least three
standard deviations (3σ) from the corresponding median values
was considered to be a variable candidate (Fig. 8). Thus, the vari-
ability of the selected candidates is significant at > 3σ level. A
total of 8, 12, and 8 sources were identified as candidate vari-
ables in MOS1, MOS2 and pn respectively, while these numbers
have not been screened yet for sources which have been detected
by many cameras or in two observations. Table 2 lists the final
candidates for variable sources identified with this method and
their classification. Sources 46, 146, and 171, which are clas-
sified as XRBs, were found to be variable. In addition, the PCA
indicates that source 141, which is most likely a flaring star in the
foreground (Sect. 5.4.2), and eight additional sources are proba-
bly variable (see Table 2). Of particular interest are sources 290
and 333, which have been classified to be XRB candidates as a
star was found in the PHAT data inside the error circle of the
Chandra counterpart in each case. Source 300 is a bright SNR
with a spectrum that is consistent with thermal emission from
shocked plasma, with no significant hard emission detected at >∼
2 keV (Sect. 6.4). It is rather unlikely that this source shows vari-
ability on timescales of ks. This indicates that using only statis-
tical indices is not sufficient to clearly identify variable sources.
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Table 2: Sources found to be variable based on PCA
ID Classification†
40 <fgstar>
46 XRB 2E161
141 fgstar
146 XRB
171 XRB
290 <XRB>
295 –
300 SNR
321 <hard>
325 <hard>
333 <XRB>
382 galaxy
† Candidates are in <>.
Sources with clearly visible variability in their light curves are
further discussed in Sect. 5.4.
5.3. Pulsations
We also searched for pulsations using the barycentre-corrected
events for each source. We applied different methods of tim-
ing analyses. First, we performed a Z2n analysis (Buccheri et al.
1983, 1988) using the first and the second harmonic values of n
=1, 2 for sources that were detected on EPIC-pn. We searched
for periodic signals in the period range of the Nyquist limit of
0.146 s (corresponding to twice the time resolution of EPIC-pn
in full frame mode) to a period corresponding to the length of the
observation. For the bright sources (>300 counts in one EPIC),
we also used the Lomb-Scargle technique for unevenly sampled
time series (Scargle 1982). We calculated the Lomb-Scargle pe-
riodogram for the light curves of all observations together. How-
ever, no significant pulsation was detected for any of the sources.
5.4. Variable sources
5.4.1. Sources with variability on short timescales
Source 46 (J004344.5+412410) This is the recurrent transient
2E 161, which was first detected with the Einstein Observatory
(Trinchieri & Fabbiano 1991). Its detection in our new data was
first reported by Henze et al. (2016a). The source was neither
detected by PFH05 nor by SPH11 in their M 31 mosaics. It was
classified as a black hole candidate by Barnard et al. (2014a).
A long-term X-ray light curve was published by Hofmann et al.
(2013) showing indications of flare-like variability.
The source shows noticeable variability on time scales of
hours in our survey data. The most prominent feature is an appar-
ent dip at the beginning of observation 2, followed by a gradual
increase in flux with potential plateaus and a continuing vari-
ability on smaller scales (Fig. 9). An analysis of different energy
bands indicates that the variability happened primarily at ener-
gies below 2 keV but extended to higher energies as well. Its
variability was also confirmed by the PCA.
Source 255 ([SPH11] 1551, J004456.3+415937) This is a
bright, long-known ROSAT source. PFH05 and SPH11 classi-
fied it as a foreground star candidate. In the 3XMM-DR4 (the
third XMM-Newton serendipitous source catalogue, Rosen et al.
2016), it was classified as not variable, even though some EPIC
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Fig. 9: XMM-Newton EPIC light curves of sources 46 and 255
(0.2 – 5.0 keV), which show variability on short timescales: pn
(black), MOS1 (red), and MOS2 (blue) data points are plotted
with the corresponding uncertainties. The green (pn), orange
(MOS1), and purple (MOS2) curves are smoothing fits. Time
resolution was optimised to the source count rate. The gray light
curve shows the (scaled pn) background.
light curves suggest variability. The pn light curve in Fig. 9
shows a long, slow dip of about 70 ks duration.
5.4.2. Flare sources
Two sources (141 and 153) showed clear indications for a flaring
event; both during observation 3 (which had low background up
until the final 10 ks). Here we study their flux variability in detail.
The light curves of the entire observation as well as a time range
focused on the flare are shown in Fig. 10.
Source 141 (J004417.7+415033) This source showed a clear
and prominent flare detected in the pn and MOS data (Fig. 10,
upper panels), which was also confirmed by PCA. The flare ap-
pears to be a primarily soft event, based on the light curves in
different energy bands.
The flux rises from quiescence by an order of magnitude to
peak within about 1.5 – 2 ks (i.e. ∼ 1 hour; blue data points in
Fig. 10, upper right). This time-scale was verified using shorter
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Fig. 10: Top: Light curves of source 141 (upper panels) and source 153 (lower panels). Left panels: entire pn light curve (black, 0.2
– 5.0 keV) with a smoothing fit overlaid in red. The background light curve is shown in grey. MOS light curves are not shown since
the photon statistics are too low. Right panels: analysis of the individual stages of the flare in a time window around it. Blue data
points show the rise to maximum. The early decline (orange) in both sources can be reasonably well modelled with an exponential
decline (blue fit curve; compare the red smoothing fit). The decline rates are given in units of ct/s/s. Before the flare there are no
indications for variability in either source. The binned count rates are entirely consistent with a Poisson process.
bins. Following the initial (exponential) decline, there seemed to
be a rebrightening with a subsequent slow decline. This decline
is consistent with a linear (green line) or exponential trend; there
is no strong reason to favour either model. Source 141 is present
in the catalogues of SPH11 (number 1426) and PFH05 (num-
ber 546) and was classified as a foreground star. The suggested
counterpart is the object 2MASS 00441774+4150327, which has
a NIR colour of J − Ks = 0.878±0.058. This colour is consistent
with the source being a M-type dwarf. Overall, the event is likely
to have been a stellar flare.
Source 153 (J004423.0+415536) This source is also a flare
object. It was located outside of MOS1 and on a chip gap of
MOS2, resulting in a pn-only light curve (Fig. 10). Similar to
source 141, the flare is observed in the softer band.
As can be seen in Fig. 10 (lower panels), the flux of source
153 rises from quiescence by an order of magnitude to peak
within about 1-1.5 ks (i.e. ∼ 20 mins; blue data points). Again
the rise time was verified using shorter bins. The light curve sug-
gests that immediately after the initial (exponential) decline (or-
ange data points) the count rate remains somewhat elevated for
about 6 ks until dropping back to a lower level.
During this elevated stage (about 52 ks after start) the light
curve count rate appears to be Poissonian but its mean is about
a factor of 2 higher than before the flare. A statistical rank-sum
test (U-test or "Mann-Whitney test"; Mann & Whitney 1947) in-
dicates that the respective distributions are significantly different
at the 95% level (p-value of 0.003). This test is a non-parametric
equivalent of the popular "Student’s" t-test and is used to check
for shifts in the mean location between two (cumulative) distri-
butions.
The significant finding indicates that the count rate remains
elevated for a certain time after the flare. Source 153 is not
present in any X-ray catalogue so far. We note that there is
a 2MASS source, 2MASS 00442305+4155351 with J − Ks =
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Fig. 11: Upper: XMM-Newton EPIC light curves (0.2 – 5.0 keV)
of possibly variable source 168 (pn in black, MOS1 in red, and
MOS2 in blue). The colours are the same as in Fig. 9. Lower:
The light curves of the source 168 in three energy bands: 0.2 –
1.0 keV (red), 1.0 – 2.0 keV (yellow), and 2.0 – 5.0 keV (blue).
The variability is significant in the softest band.
0.878±0.058, which is a late K- or early M-type star, only 1.1′′
away from our X-ray position. The 2MASS object is a likely
counterpart for our X-ray source in which case the source can be
classified as a foreground flaring star.
5.4.3. Sources with potential variability
Source 168 ([SPH11] 1461, J004428.7+414948) This source
shows possible variability on time scales of hours (Fig. 11).
Here, the signal/noise ratio and the flux are rather low overall
but the behaviour in the three EPIC detectors looks consistent.
The variability appears to be strongest in the 0.2 – 1 keV band.
SPH11 classified this sources as a possible foreground star.
We have found a 2MASS source (2MASS 00442880+4149476)
only 0.4′′ away from the XMM-Newton position. The 3XMM
catalogue contains two faint potential past detections (ML = 6
and 12; 3XMM J004428.8+414947) with no sign of variabil-
ity. The NIR counterpart is a likely M-Type star with J − Ks =
0.876±0.048.
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Fig. 12: Spectra of SWIFT J004420.1+413702 with an absorbed
power-law model (NH and Γ free). For June and August 2015,
and January 2016, the pn spectrum is shown in black and the
MOS (1 or 2, see text) spectrum in red.
Article number, page 12 of 34
Sasaki et al.: Northern Disc of M31, I: Source Catalogue
Table 3: Spectral fit results for SWIFT J004420.1+413702
Time Instrument NH Γ norm red. χ2 DOF
[1021 cm−2] [ph keV−1 cm−2 s−1
at 1 keV]
NH and Γ free
June 2015 EPIC pn/MOS1 1.3±0.1 1.8±0.1 (1.1±0.1)e–4 0.97 447
August 2015 EPIC pn/MOS1 1.1±0.2 1.7±0.1 (9.6±0.1)e–5 1.1 191
October 2015 ACIS-I 1.8±1.2 1.9±0.2 (8.7±2.2)e–5 1.5 44
January 2016 EPIC pn/MOS2 0.5±0.3 1.6±0.2 (1.3±0.2)e–5 0.92 57
NH fixed to Galactic foreground NH
June 2015 EPIC pn/MOS1 0.7 1.6±0.1 (8.5±0.2)e–5 1.22 448
August 2015 EPIC pn/MOS1 0.7 1.5±0.1 (8.1±0.3)e–5 1.2 192
October 2015 ACIS-I 0.7 1.7±0.2 (6.7±0.5)e–5 1.5 45
January 2016 EPIC pn/MOS2 0.7 1.7±0.1 (1.4±0.1)e–5 0.93 58
Photon index frozen to Γ = 1.7
June 2015 EPIC pn/MOS1 1.0±0.1 1.7 (0.9±0.1)e–4 1.03 448
August 2015 EPIC pn/MOS1 1.1±0.1 1.7 (1.0±0.1)e–4 1.1 192
October 2015 ACIS-I 0.8±0.6 1.7 (6.5±0.6)e–5 1.5 45
January 2016 EPIC pn/MOS2 0.6±0.2 1.7 (1.4±0.2)e–5 0.92 58
5.4.4. Source with spectral variability: Source 146 (SWIFT
J004420.1+413702)
The source SWIFT J004420.1+413702 was first detected as a
transient source by Pietsch et al. (2008) based on observations
with the Swift satellite in combination with earlier ROSAT data.
The unabsorbed flux at the time of the Swift detection in 2008
was (4.6±0.7)×10−13 erg s−1 cm−2 (0.5 – 5.0 keV) assuming an
absorbed power-law model with an absorption of NH = 6.6×1020
cm−2 and a photon index of Γ = 1.7.
The PCA has shown that it is significantly variable. We
have identified a spectral change of SWIFT J004420.1+413702,
for which we have data from 4 epochs: June 2015 (XMM-
Newton), August 2015 (XMM-Newton), October 2015 (Chan-
dra), and January 2016 (XMM-Newton). Figure 12 shows the
XMM-Newton EPIC as well as Chandra ACIS-I spectra of the
source SWIFT J004420.1+413702, sorted chronologically (June
2015 [pn, MOS1], August 2015 [pn, MOS1], October 2015
[Chandra ACIS-I], January 2016 [pn, MOS2]). We fit all spec-
tra with an absorbed power-law model. The fit results are sum-
marised in Table 3 for the three cases: 1. both NH and Γ are free,
2. NH is fixed to the Galactic foreground value of NH = 7 × 1020
cm−2, and 3. photon index is frozen to Γ = 1.7.
If we fix the NH to the Galactic foreground value, the photon
index does not vary significantly (case 2), however, the fit statis-
tics get worse for the spectra taken in June and August 2015,
when the source was brighter.
If we assume that the shape of the intrinsic spectrum does
not change (Γ = 1.7 = const, case 3) the NH values change
significantly from June 2015 to January 2016, decreasing from
NH = 1.1 ± 0.1 × 1021 cm−2 in August 2015 when the source
was bright (absorbed flux of 3.6 ± 0.4 × 10−13 erg s−1 cm−2 and
unabsorbed flux of 4.2 ± 0.5 × 10−13 erg s−1 cm−2 in the energy
range of 0.5 – 5.0 keV) to 0.6± 0.2× 1021 cm−2 about 5 months
later when the source was about 7 times fainter (absorbed flux of
5.4±0.8×10−14 erg s−1 cm−2 and unabsorbed flux of 5.9±0.8×
10−14 erg s−1 cm−2).
Therefore, the source seems to show higher absorption when
it is brighter and to be less absorbed when it becomes fainter
without changing its intrinsic spectrum. The photon index of Γ =
1.7 is rather inconsistent with a high-mass X-ray binary which
typically have a harder spectrum. At the X-ray position, a low-
mass star was found in the Chandra/PHAT survey (Williams et
al. 2018, accepted), also suggesting the classification of SWIFT
J004420.1+413702 as a low-mass X-ray binary.
6. Supernova remnants
One of the major objectives of the XMM-Newton LP observa-
tions of the northern disc of M 31 was the study of the popula-
tion of SNRs. Detailed studies of several SNRs in M 31 using
Chandra were performed by, e.g., Kong et al. (2002a, 2003);
Williams et al. (2004). We had studied the SNRs detected in the
XMM-Newton survey of the entire M 31 galaxy using the XMM-
Newton data in X-rays and the LGS data in the optical (SPH12).
We cross-correlated the new source list of the northern disc with
the list of SNRs and SNR candidates of SPH12.
Lee & Lee (2014, LL14 hereafter) created a list of optical
SNRs using the LGS data and classified different types of SNRs
based on the optical morphology and possible progenitor. The
cross-correlation of the list of X-ray SNRs with the list of LL14
has shown that not all optical SNRs are bright enough in X-rays
to be detected and vice versa (see also, e.g., Bozzetto et al. 2017).
All SNRs detected in the XMM-Newton LP data have HR1 > 0.0
and HR2 < 0.0, with the majority having HR2 < −0.5. X-ray
sources which have an optical SNR as a counterpart and ful-
fill these hardness ratio criteria were newly classified as SNRs
(sources 102, 213, 222, 238, and 240). In Table 4 we list the
SNRs detected in the XMM-Newton LP of the northern disc. For
all the SNRs and candidates in this list we extracted the spec-
trum. The faintest detected SNR has a flux of 4.2 × 10−16 erg
s−1 cm−2 (0.3 – 10.0 keV), corresponding to a luminosity of
3.1 × 1034 erg s−1 (0.3 – 10.0 keV).
There are four sources with enough counts to make spectral
fitting worthwhile (pn source counts >∼500, MOS source counts
>∼150): [SPH11] 1234, 1275, 1535, and 1599. The fit results are
summarised in Table 6 and the spectra are shown in Fig. 13. For
the rest of the X-ray detected SNRs, the flux was derived from
the extracted spectra by assuming a thermal model (APEC). We
also derived X-ray upper limits for the optical SNRs of LL14,
which are listed in Table 5. For the flux calculation based on
count rates, we assumed the same thermal spectrum as used by
SPH12, i.e., with kT = 0.2 keV, absorbed by a column density of
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Table 4: List of SNR detected in the new XMM-Newton LP data and their X-ray flux.
ID RA J2000.0 Dec J2000.0 SPH11 ID Class? LL14 ID Fabs Fabs LX,abs
(hms) (dms) (0.35 – 2 keV) (0.3 – 10 keV) (0.3 – 10 keV)
[erg s−1 cm−2] [erg s−1 cm−2] [erg s−1]
24 0:43:27.887 +41:18:29.33 1234 SNR – 6.1e–14 6.5e–14 4.8e+36
38 0:43:39.157 +41:26:53.44 1275 SNR – 2.5e–14 2.6e–14 1.8e+36
39 0:43:41.219 +41:34:07.07 1282 <SNR> – 1.6e–15 1.6e–15 1.2e+35
68 0:43:53.846 +41:20:43.79 1332 <SNR> – 4.0e–15 4.0e–15 2.9e+35
102 0:44:04.278 +41:48:45.11 1372 SNR 83 1.9e–15 1.9e–15 1.4e+35
104 0:44:04.480 +41:58:04.41 1370 SNR – 3.3e–15 3.3e–15 2.4e+35
118 0:44:09.530 +41:33:22.00 1386 SNR – 1.5e–15 1.5e–15 1.1e+35
134 0:44:13.358 +41:19:52.70 1410 SNR – 7.7e–15 7.8e–15 5.7e+35
192 0:44:34.963 +41:25:13.67 1481 SNR – 2.5e–15 2.5e–15 1.8e+35
213 0:44:43.461 +41:26:56.10 – SNR 102 4.2e–16 4.2e–16 3.1e+34
222 0:44:45.823 +41:52:59.21 – SNR 105 9.9e–16 9.9e–16 7.3e+34
226 0:44:47.132 +41:29:20.11 522 SNR – 2.2e–15 2.2e–15 1.6e+35
238 0:44:49.860 +41:53:07.79 – SNR 107 8.4e–16 8.5e–16 6.2e+34
240 0:44:50.586 +41:54:21.45 – SNR 109 1.6e–15 1.6e–15 1.2e+35
242 0:44:51.053 +41:29:06.26 1535 <SNR> – 1.0e–14 1.6e–14 1.2e+36
246 0:44:52.823 +41:55:00.67 1539 SNR – 1.5e–15 1.7e–15 1.3e+35
253 0:44:55.775 +41:56:56.95 1548 SNR – 1.6e–15 1.6e–15 1.2e+35
300 0:45:13.866 +41:36:15.54 1599 SNR – 1.6e–14 1.6e–14 1.2e+36
?Based on SPH11, updated by SPH12, and this work. <SNR> indicates that the source is a SNR candidate.
NH = 7×1020 cm−2 for the Milky Way and an additional column
density of NH = 1 × 1021 cm−2.
6.1. Source 24 ([SPH11] 1234, J004327.8+411829)
This is the brightest X-ray SNR in M 31 and is also confirmed
in the optical and radio. The X-ray SNR was spatially resolved
with Chandra (Kong et al. 2002a). [SPH11] 1234 was located
at the edge of the FOV of observation 1 and was also only ob-
served with pn. The new spectrum can be fitted well with two
APEC components (see Table 6). The two components have tem-
peratures of 0.18 keV and 0.8 keV, indicating a mix of different
plasma components. Neither a fit with a single non-equilibrium
ionisation (NEI) model nor with a thermal model combined
with a power law yielded a reasonable result. The two temper-
ature spectrum is consistent with a young SNR, with the lower-
temperature component corresponding to ISM emission and the
higher-temperature component to that of ejecta. Its unabsorbed
flux is 9.6 × 10−14 erg s−1 cm−2 (0.35 – 2.0 keV) or 1.1 × 10−13
erg s−1 cm−2 (0.3 – 10.0 keV), corresponding to an intrinsic lu-
minosity of 7.2×1036 erg s−1 cm−2 (0.35 – 2.0 keV). This source
is therefore significantly fainter than the brightest SNRs in the
Magellanic Clouds (van der Heyden et al. 2004; Filipovic´ et al.
2008; Maggi et al. 2016).
6.2. Source 38 ([SPH11] 1275, J004339.1+412653)
The SNR [SPH11] 1275 was also detected in the optical and ra-
dio. The optical narrow band images of LGS and the [S ii]/Hα
image show an extended, but rather compact source (SPH12).
The spectrum of [SPH11] 1275 can be fit with two thermal com-
ponents (APECs). A power law component instead of the harder
thermal component does not improve the quality of the fit. This
source also seems to show both ISM and ejecta components. Its
unabsorbed flux is 2.5 × 10−14 erg s−1 cm−2 (0.35 – 2.0 keV) or
2.6 × 10−14 erg s−1 cm−2 (0.3 – 10.0 keV), corresponding to an
intrinsic luminosity of 1.9 × 1036 erg s−1 cm−2 (0.35 – 2.0 keV).
6.3. Source 242 ([SPH11] 1535, J004451.0+412906)
SPH12 have reported about the detection of two stars at the po-
sition of this SNR, one detected in V and one in I. Therefore,
depending on the nature of these two optical point sources, the
X-ray emission might be contaminated. In the LGS narrow band
images, one can see a circular shell source. The [S ii]/Hα im-
age also suggests the optical shell to be an SNR. The X-ray
spectrum of [SPH11] 1535 is well fit with a thermal model
consisting of two APEC components (Table 6). The tempera-
tures are kT = 0.2 keV and 3.5 keV. The harder component can
also be well modelled with a power-law with a photon index of
Γ = 2.4(−0.4,+0.3), while the absorption and the softer com-
ponent are the same as in the fit with a hot thermal component.
The lower temperature is consistent to what has been derived
for [SPH11] 1234 and 1599. Most likely this component corre-
sponds to shocked ISM. The additional harder component either
corresponds to ejecta emission with a relatively high tempera-
ture of 3.5 keV or it might indicate the existence of a pulsar wind
nebula. The unabsorbed flux of this source is 1.6 × 10−14 erg s−1
cm−2 (0.35 – 2.0 keV) or 2.3 × 10−13 erg s−1 cm−2 (0.3 – 10.0
keV). At the distance of M 31, this corresponds to an unabsorbed
luminosity of 1.2×1036 erg s−1 cm−2 in the energy range of 0.35
– 2.0 keV.
6.4. Source 300 ([SPH11] 1599, J004513.8+413615)
The spectrum of the SNR [SPH11] 1599 is well fit with one APEC
component. The temperature is kT = 0.24 keV, similar to the
lower temperatures of the two components for [SPH11] 1234
and 1535. Therefore, its emission seems to be dominated by that
of the shocked ISM. The intrinsic absorption is high (NH = 4.1×
1021 cm−2) and indicates that the SNR is embedded in higher
density gas. The unabsorbed flux of this source is 2.1×10−13 erg
s−1 cm−2 (0.35 – 2.0 keV) or 2.4×10−13 erg s−1 cm−2 (0.3 – 10.0
keV), which corresponds to an intrinsic luminosity of 1.6 × 1037
erg s−1 in the energy range of 0.35 – 2.0 keV, making it similarly
bright as the brightest SNR in the Magellanic Clouds or M 33
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Table 5: List of optical SNR detected by LL14 in the field of view of the new XMM-Newton LP observations and the X-ray flux
upper limits (EPIC-pn).
LL14 ID FX upper limit LX upper limit LL14 ID FX upper limit LX upper limit
(0.3 – 10 keV) (0.3 – 10 keV) (0.3 – 10 keV) (0.3 – 10 keV)
[erg s−1 cm−2] [erg s−1 cm−2] [erg s−1 cm−2] [erg s−1 cm−2]
54 1.5e–13 1.1e+37 113 1.7e–14 1.3e+36
61 4.9e–14 3.6e+36 114 7.8e–15 5.7e+35
67 6.1e–14 4.5e+36 115 7.2e–15 5.3e+35
69 4.2e–14 3.1e+36 116 2.2e–14 1.6e+36
72 4.7e–14 3.5e+36 117 7.4e–14 5.4e+36
73 1.6e–14 1.2e+36 118 1.6e–14 1.2e+36
74 3.6e–14 2.6e+36 119 2.7e–14 2.0e+36
77 5.1e–14 3.7e+36 120 1.5e–14 1.1e+36
78 2.1e–14 1.5e+36 121 4.1e–14 3.0e+36
79 1.3e–13 9.5e+36 122 4.0e–14 2.9e+36
81 5.5e–14 4.0e+36 123 1.6e–14 1.2e+36
82 5.0e–15 3.7e+35 125 6.8e–14 5.0e+36
84 2.9e–14 2.1e+36 126 7.5e–14 5.5e+36
85 5.9e–14 4.3e+36 127 7.0e–14 5.1e+36
86 1.8e–14 1.3e+36 128 5.0e–14 3.7e+36
88 1.7e–14 1.3e+36 129 7.2e–15 5.3e+35
89 6.8e–14 5.0e+36 130 3.2e–14 2.4e+36
90 4.5e–15 3.3e+35 131 2.4e–13 1.8e+37
91 2.8e–15 2.1e+35 132 5.7e–15 4.2e+35
92 7.3e–14 5.4e+36 133 7.5e–15 5.5e+35
93 3.2e–14 2.4e+36 134 1.9e–13 1.4e+37
94 3.0e–14 2.2e+36 135 5.1e–14 3.7e+36
95 2.5e–14 1.8e+36 136 1.5e–14 1.1e+36
96 4.0e–14 2.9e+36 137 4.6e–14 3.4e+36
97 2.4e–14 1.8e+36 138 2.9e–14 2.1e+36
98 5.6e–14 4.1e+36 139 3.9e–14 2.9e+36
99 5.5e–15 4.0e+35 140 1.1e–13 8.0e+36
100 2.5e–14 1.8e+36 141 2.9e–14 2.1e+36
101 2.9e–14 2.1e+36 142 3.5e–14 2.6e+36
103 1.2e–13 8.8e+36 143 2.6e–14 1.9e+36
104 2.7e–14 2.0e+36 144 1.9e–13 1.4e+37
108 1.5e–14 1.1e+36 146 3.1e–13 2.3e+37
110 7.8e–14 5.7e+36
Table 6: Spectral fit parameters for the best fit models for the three brightest SNRs in the FOVs of the XMM-Newton LP.
ID SPH11 ID NH (PHABS2) kT1 (APEC) kT2 (APEC) Red. χ2 DOF
[1021 cm−2] [keV] [keV]
24 1234 0.0 (0.0 – 0.5) 0.18 (0.16 – 0.21) 0.80 (0.72 – 0.91) 1.0 60
38 1275 0.0 (0.0 – 0.1) 0.19 (0.17 – 0.22) 0.75 (0.64 – 0.87) 1.2 76
242 1535 0.0 (0.0 – 0.6) 0.19 (0.18 – 0.21) 3.5 (2.6 – 5.1) 1.1 56
300 1599 4.1 (3.4 – 4.8) 0.24 (0.22 – 0.27) 1.1 83
(van der Heyden et al. 2004; Filipovic´ et al. 2008; Long et al.
2010; Maggi et al. 2016; Garofali et al. 2017).
7. Summary
We carried out deep XMM-Newton observations of two fields
in the northern disc of M 31. We obtained a list of 389 sources
through a combined analysis of all four observations. The new
catalogue of XMM-Newton sources in the northern disc of M 31
contains 43 foreground stars and candidates, 50 background
sources, 34 XRBs and candidates, and 18 SNRs and candidates.
– Based on the XMM-Newton spectra of sources for which an
optical counterpart was found in the PHAT data in the Chan-
dra/PHAT survey, we find higher NH for sources which are
likely background galaxies. Optical photometry combined
with X-ray spectral analysis allows us to distinguish between
M 31 and background sources.
– 55 sources show variability between the two epochs. 154
sources, including bright objects, are only detected in one
epoch each and can be transient sources. However, there
are also many faint sources with low detection likelihood
among these "single-detection" objects. We have identified
sources with interesting variability in their light curves: flares
(sources 141 and 153), likely flares (source 168), and dips
Article number, page 15 of 34
A&A proofs: manuscript no. m31_lp_accepted
10−5
10−4
10−3
0.01
C o
u n
t s /
s / k
e V
10.5 2 5−4
−2
0
2
4
R e
s i d
u a
l s  
( σ
)
Energy (keV)
Source 024 ([SPH11] 1234)
10−5
10−4
10−3
0.01
C
o u
n t
s /
s /
k e
V
10.5 2 5
−4
−2
0
2
4
R
e s
i d
u a
l s
 (
σ )
Energy (keV)
Source 038 ([SPH11] 1275)
10−5
10−4
10−3
0.01
C o
u n
t s /
s / k
e V
10.5 2 5−4
−2
0
2
4
R e
s i d
u a
l s  
( σ
)
Energy (keV)
Source 242 ([SPH11] 1535)
10−5
10−4
10−3
0.01
C o
u n
t s /
s / k
e V
10.5 2 5−4
−2
0
2
4
R e
s i d
u a
l s  
( σ
)
Energy (keV)
Source 300 ([SPH11] 1599)
Fig. 13: Spectra and best fit models of the SNRs [SPH11] 1234,
1275, 1535 (APEC+APEC), and 1599 (APEC). Different colours
are used to show spectra taken from different EPIC detectors and
observations.
(sources 255 and 46). Based on Principal Component Anal-
ysis, we identify 12 sources as variable.
– We have detected the transient source SWIFT
J004420.1+413702 and show that its flux changes sig-
nificantly from June 2015 to January 2016. We analysed its
spectrum at different epochs and show that the change in
flux is correlated with a change in absorption. This source is
classified as a low-mass X-ray binary, since a low-mass star
was detected in the PHAT data.
– The cumulative XLFs calculated for the two fields in two en-
ergy bands (0.5 – 2.0 keV and 2.0 – 10.0 keV) show that a
higher number of sources are detected in the field closer to
the nuclear region. In this field also more luminous sources
are found. We have detected M 31 sources down to luminosi-
ties of ∼ 7 × 1034 erg s−1 in the softer band (0.5 – 2.0 keV)
and to ∼ 4×1035 erg s−1 in the harder band (2.0 – 10.0 keV).
– We performed spectral analysis of the four brightest SNRs.
All four sources indicates a shocked ISM component with
a temperature of kT ≈ 0.2 keV. Two SNRs have an addi-
tional thermal component with a temperature of kT ≈ 0.8
keV, which might correspond to ejecta emission.
– Source 242 ([SPH11] 1535, J004451.0+412906) has a sig-
nificantly harder X-ray spectrum with emission in addition to
the shocked ISM component, which can either be modelled
as that of a thermal plasma with a temperature of kT = 3.5
keV or with a power-law with a photon index of Γ = 2.4.
This source might harbour a pulsar wind nebula and requires
further investigation.
– We identified five sources as new X-ray SNRs based on their
hardness ratios and optical counterpart. Many of the detected
SNR are very faint in X-rays with fluxes of < 10−15 erg s−1
cm−2, corresponding to luminosities of < 1034 erg s−1 in the
energy band of 0.35 – 2.0 keV. We thus have a sample of
SNRs in the northern disc with ∼ 2 times the sensitivity of
the SNR population obtained from the XMM M31 survey
(SPH12). A deep coverage of the entire M 31 galaxy like in
our new study of the northern disc will allow us to study
the complete sample of faint X-ray SNRs, giving informa-
tion about environments in which SNRs originate, their in-
teraction with the ambient ISM, and how long SNRs survive
in the ISM. A detailed analysis of the ISM using the new
XMM-Newton data will be presented in Kavanagh et al. (in
prep.).
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Table A.2: Spectral fit results of M 31 XMM-Newton LP sources which are most likely located in M 31
Source No XMM-Newton N∗H,Gal Intrinsic N
∗
H,M 31 Photon-Index χ
2 (d.o.f) OBS Instrument
coordinates 1021 cm−2 1021 cm−2
33 J004336.0+413319 0.7 frozen 4.96+4.2−2.8 2.25
+0.94
−0.66 1.94 (19) OBS1, OBS2 pn
†, MOS2† F
47 J004345.4+413657 0.7+0.6−0.5 2.10
+0.39
−0.29 1.12 (72) OBS1, OBS2 pn
†
60 J004350.8+412116 0.7 frozen 1.3+0.9−0.7 1.88
+0.30
−0.30 0.99 (71) OBS1, OBS2 pn
†
74 J004356.4+412202 0.2+0.6−0.2 1.78
+0.32
−0.21 1.17 (39) OBS1 pn, MOS1, MOS2
F
75 J004356.6+413410 0.7 frozen 4.1+15.6−3.7 2.93
+2.92
−1.52 1.40 (20) OBS1, OBS2 pn
†
83 J004357.4+413056 0.7 frozen 1.2+3.2−2.7 1.94
+0.32
−0.27 0.76 (43) OBS1, OBS2 pn
†, MOS1†, MOS2† F
93 J004401.9+414028 2.1+2.2−1.6 2.18
+0.67
−0.52 0.94 (21) OBS1, OBS2 pn
†, MOS2† F
126 J004411.9+413216 < 0.14 2.35+1.23−0.41 1.00 (4) OBS1 pn
127 J004412.1+413147 1.3+0.1−0.1 1.84
+0.04
−0.04 1.01 (123) OBS2 pn
131 J004413.1+412910 <3.6 1.31+0.77−0.53 0.21 (6) OBS2 pn, MOS1
F
145 J004420.1+413407 0.7 frozen 2.2+2.7−1.6 3.20
+1.68
−0.95 1.44 (31) OBS1, OBS2 pn
†
151 J004422.5+414507 1.1+0.3−0.2 1.93
+0.15
−0.14 1.14 (75) OBS3 pn, MOS1, MOS2
F
157 J004424.7+413200 0.7 frozen 2.1+0.5−0.5 1.98
+0.14
−0.13 1.18 (87) OBS1 pn, MOS1, MOS2
F
171 J004429.5+412135 1.1+0.7−0.7 1.77
+0.35
−0.34 1.01 (129) OBS1 pn
179 J004431.3+414937 0.7 frozen 2.5+2.6−1.7 2.06
+0.54
−0.42 0.73 (18) OBS3 pn, MOS1, MOS2
F
229 J004448.0+412246 <3.2 1.54+0.68−0.41 0.70 (8) OBS1, OBS2 MOS2
†
247 J004453.3+415200 0.7 frozen 4.4+4.9−2.8 2.37
+1.11
−0.73 0.82 (15) OBS3, OBS4 pn
†
249 J004454.6+411916 <4.9 1.42+0.86−0.45 0.89 (7) OBS1 pn, MOS2
F
257 J004457.4+412247 0.5+0.2−0.2 1.70
+0.11
−0.10 0.99 (154) OBS1, OBS2 pn
†, MOS2† F
261 J004459.1+414004 2.2+2.1−1.4 1.60
+0.49
−0.39 0.84 (39) OBS1, OBS2 pn
†, MOS1†, MOS2† F
290 J004510.9+414559 0.7 frozen 1.8+0.7−0.6 1.95
+0.23
−0.20 1.18 (64) OBS3, OBS4 pn
†
303 J004514.6+415036 0.7 frozen 1.2+1.2−0.9 2.36
+0.53
−0.41 1.03 (54) OBS3, OBS4 pn
†, MOS2† F
323 J004525.7+414316 0.7 frozen 14.1+8.3−5.6 1.61
+0.55
−0.45 0.90 (64) OBS3, OBS4 pn
†, MOS1† F
331 J004527.9+413905 0.7 frozen 3.7+9.3−3.6 1.65
+1.29
−0.75 1.16 (10) OBS2 pn
333 J004528.2+412943 1.1+0.4−0.3 1.99
+0.21
−0.18 1.20 (54) OBS2 pn
∗: The spectra were first fit with one absorption component. If the fitted value was significantly higher than the Galactic foreground NH, an
additional absorption component was introduced. In this case, the first component was fixed to the Galactic foreground NH, and the second
component was used to model the additional NH.
†: EPIC data of two observations were combined.
?: Simultaneous fit was performed using all EPIC data.
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Table A.3: Spectral fit results of M 31 XMM-Newton LP sources which are most likely background sources
Source No XMM-Newton N∗H,Gal N
∗
H,M 31 Photon-Index χ
2 (d.o.f) OBS Instrument
coordinates 1021 cm−2 1021 cm−2
16 J004323.5+413145 1.2+0.9−0.7 1.69
+0.36
−0.30 1.31 (33) OBS2 pn, MOS, MOS2
F
43 J004342.9+412850 0.7 frozen 1.8+1.0−0.9 1.67
+0.25
−0.22 0.71 (55) OBS1, OBS2 pn
†, MOS1†, MOS2† F
58 J004350.3+413247 0.7 frozen 7.310.0−5.7 2.37
+2.16
−1.10 0.69 (16) OBS1, OBS2 pn
†
96 J004402.6+413926 0.7 frozen 4.1+1.6−1.3 2.75
+0.52
−0.42 1.05 (46) OBS1, OBS2 pn
†, MOS2† F
100 J004403.6+412415 0.7 frozen 12.4+26.9−10.9 1.95
+2.25
−1.36 1.17 (5) OBS1, OBS2 pn, MOS2
F
105 J004404.7+412126 1.6+3.1−1.2 0.78
+0.39
−0.34 0.83 (32) OBS1, OBS2 pn
†, MOS2† F
138 J004415.9+413057 0.7 frozen 14.0+2.0−2.2 1.66
+0.15
−0.14 1.24 (108) OBS1 pn, MOS2
F
144 J004418.9+413212 0.7 frozen 18.9+11.3−12.9 3.36
+1.92
−3.01 1.39 (8) OBS1 pn, MOS1
F
148 J004421.1+414657 <0.8 1.40+0.29−0.27 1.69 (18) OBS3 pn, MOS1
F
176 J004430.2+412307 0.7 frozen 11.9+7.7−5.4 1.89
+0.63
−0.52 0.61 (30) OBS1, OBS2 pn
†
185 J004432.1+415505 < 38. 0.49+2.57−0.97 1.12 (3) OBS3 pn
193 J004435.1+414733 1.21+2.7−1.2 1.44
+0.58
−0.45 1.26 (13) OBS3,OBS4 pn, MOS1, MOS2
F †
197 J004437.0+411951 0.7 frozen 16.3+18.4−10.5 1.84
+1.48
−1.00 1.28 (22) OBS1, OBS2 pn
†
210 J004442.6+415340 0.7 frozen 186.2+51.6−42.0 2.37
+0.64
−0.55 0.91 (71) OBS3, OBS4 pn
†
219 J004444.9+415154 0.7 frozen 3.2+2.1−1.6 2.10
+0.43
−0.36 1.065 (54) OBS3, OBS4 pn
†, MOS1†, MOS2† F
232 J004448.7+415720 0.7 frozen 8.8+13.5−6.4 1.98
+1.85
−1.07 0.78 (6) OBS3 pn
237 J004449.6+415139 0.7 frozen 19.6+21.0−12.4 2.58
+1.51
−1.01 0.33 (10) OBS3 pn
254 J004456.0+414830 <66. <4.21 0.39 (5) OBS4 pn, MOS1F
260 J004458.1+414625 0.7 frozen 2.04+1.0−0.9 1.99
+0.28
−0.25 1.13 (84) OBS3, OBS4 pn
†, MOS1†, MOS2† F
270 J004501.2+415609 0.7 frozen 36.64+57.9−23.6 3.04
+3.37
−1.67 093 (7) OBS3 pn
272 J004502.3+414943 <37. 0.98+1.97−0.54 1.66 (11) OBS3, OBS4 pn
†
307 J004516.1+412302 <6.8 0.85+0.80−0.51 1.38 (13) OBS1 pn
311 J004518.6+413936 0.7 frozen 9.9+9.4−6.9 1.68
+0.80
−0.69 0.65 (28) OBS3,OBS4 pn
†
328 J004526.8+413217 0.7 frozen 2.0+1.5−1.2 2.02
+0.61
−0.46 0.45 (10) OBS2 pn
329 J004527.3+413253 0.7 frozen 1.2+0.7−0.6 1.37
+0.20
−0.18 0.61 (39) OBS1, OBS2 pn
†
334 J004528.8+415015 0.7 frozen 7.9+10.5−5.1 1.51
+0.82
−0.61 0.73 (9) OBS3 pn
339 J004530.5+413600 0.7 frozen 4.8+7.9−3.7 1.93
+1.89
−1.00 1.63 (11) OBS2 pn
343 J004532.1+414526 0.7 frozen 5.4+7.2−4.5 2.27
+1.41
−0.90 1.04 (18) OBS3,OBS4 pn, MOS2
F
358 J004537.6+415122 <6.9 1.77+1.39−0.88 1.33 (31) OBS3, OBS4 pn
†
360 J004538.0+414857 <511. <3.03 0.97 (1) OBS3 pn
371 J004544.8+415859 <2.4 1.38+0.73−0.30 0.75 (4) OBS3 pn
379 J004555.1+415647 <11. 1.08+1.54−0.49 1.88 (6) OBS4 pn
380 J004555.4+415212 0.7 frozen 17.09+38.47−12.84 1.73
+1.96
−1.09 0.83 (11) OBS3, OBS4 pn
†
382 J004557.0+414831 0.7 frozen 3.98+0.82−0.73 1.43
+0.14
−0.13 1.00 (157) OBS3, OBS4 pn
†, MOS2† F
∗: The spectra were first fit with one absorption component. If the fitted value was significantly higher than the Galactic foreground NH, an
additional absorption component was introduced. In this case, the first component was fixed to the Galactic foreground NH, and the second
component was used to model the additional NH.
†: EPIC data of two observations were combined.
?: Simultaneous fit was performed using all EPIC data.
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Table A.4: Variability for Field 1 (OBS1 vs. OBS2). We list the source ID, EPIC count rates and corresponding 1σ errors in each
observation (OBS1 & OBS2). The table also includes the mean count rate, the difference in count rate between OBS1 and OBS2,
the variability in percent of the count rate difference over the mean count rate, and the significance of the variability.
ID Rate1 Rate2 Mean Rate Difference Error1 Error2 Variability Signicance Significantly
[ct s−1] [ct s−1] [ct s−1] [ct s−1] [%] variable?
6 0.00397 0.00294 0.00346 0.00103 0.00076 0.00067 29 1.0 no
13 0.00241 0.00224 0.00232 0.00016 0.00058 0.00055 7 0.2 no
16 0.00320 0.02470 0.01390 –0.02150 0.00058 0.00139 –154 14.3 yes
17 0.00404 0.00421 0.00413 –0.00017 0.00066 0.00090 –4 0.1 no
18 0.00632 0.00682 0.00657 –0.00050 0.00076 0.00102 –7 0.4 no
20 0.00350 0.00446 0.00398 –0.00096 0.00076 0.00089 –24 0.8 no
23 0.00283 0.00435 0.00359 –0.00152 0.00055 0.00077 –42 1.6 no
25 0.00462 0.00446 0.00454 0.00017 0.00067 0.00086 3 0.2 no
27 0.00574 0.00500 0.00537 0.00074 0.00084 0.00112 13 0.5 no
31 0.00250 0.00367 0.00308 –0.00117 0.00054 0.00072 –37 1.3 no
33 0.00550 0.00609 0.00579 –0.00059 0.00059 0.00078 –10 0.6 no
36 0.00350 0.00295 0.00323 0.00055 0.00054 0.00073 17 0.6 no
37 0.00518 0.03020 0.01770 –0.02500 0.00082 0.00176 –141 12.9 yes
38 0.03080 0.03120 0.03100 –0.00041 0.00108 0.00126 –1 0.2 no
39 0.00271 0.00614 0.00442 –0.00343 0.00044 0.00152 –77 2.2 no
41 0.00187 0.00284 0.00235 –0.00097 0.00039 0.00075 –41 1.1 no
42 0.00586 0.00548 0.00567 0.00038 0.00069 0.00080 6 0.4 no
43 0.01400 0.01790 0.01600 –0.00394 0.00077 0.00100 –24 3.1 yes
47 0.02190 0.00841 0.01510 0.01350 0.00084 0.00087 88 11.2 yes
48 0.00349 0.00311 0.00330 0.00038 0.00050 0.00058 11 0.5 no
50 0.00728 0.00443 0.00586 0.00285 0.00056 0.00186 48 1.5 no
53 0.07760 0.04700 0.06230 0.03060 0.00138 0.00131 49 16.1 yes
57 0.00682 0.00347 0.00515 0.00335 0.00086 0.00126 65 2.2 no
58 0.00404 0.00350 0.00377 0.00054 0.00063 0.00064 14 0.6 no
60 0.02770 0.02170 0.02470 0.00592 0.00133 0.00143 23 3.0 yes
63 0.00734 0.00347 0.00540 0.00387 0.00067 0.00068 71 4.0 yes
68 0.00470 0.00564 0.00517 –0.00094 0.00064 0.00160 –18 0.5 no
72 0.00278 0.00305 0.00291 –0.00027 0.00034 0.00047 –9 0.5 no
74 0.02220 0.01730 0.01980 0.00484 0.00103 0.00135 24 2.9 no
75 0.00184 0.00214 0.00199 –0.00030 0.00031 0.00043 –15 0.6 no
76 0.00386 0.00950 0.00668 –0.00564 0.00083 0.00071 –84 5.2 yes
83 0.00565 0.01440 0.01000 –0.00877 0.00042 0.00081 –87 9.6 yes
87 0.00404 0.00475 0.00439 –0.00071 0.00097 0.00116 –16 0.5 no
89 0.00718 0.00604 0.00661 0.00114 0.00049 0.00058 17 1.5 no
93 0.00528 0.00702 0.00615 –0.00174 0.00050 0.00091 –28 1.7 no
96 0.00866 0.01200 0.01040 –0.00339 0.00059 0.00104 –32 2.8 no
100 0.00408 0.00240 0.00324 0.00169 0.00049 0.00046 52 2.5 no
103 0.00168 0.00302 0.00235 –0.00134 0.00028 0.00056 –56 2.1 no
105 0.00866 0.00834 0.00850 0.00032 0.00088 0.00091 3 0.3 no
113 0.00281 0.00448 0.00365 –0.00167 0.00039 0.00072 –45 2.0 no
114 0.00111 0.00272 0.00191 –0.00161 0.00025 0.00051 –83 2.8 no
118 0.00269 0.00238 0.00254 0.00031 0.00033 0.00040 12 0.6 no
119 0.00865 0.00513 0.00689 0.00352 0.00071 0.00073 51 3.5 yes
120 0.00184 0.00216 0.00200 –0.00031 0.00029 0.00043 –15 0.6 no
127 0.02010 0.01780 0.01900 0.00223 0.00064 0.00094 11 2.0 no
128 0.00241 0.00365 0.00303 –0.00123 0.00047 0.00059 –40 1.6 no
131 0.00312 0.00340 0.00326 –0.00027 0.00034 0.00045 –8 0.5 no
134 0.00665 0.00639 0.00652 0.00026 0.00065 0.00084 4 0.2 no
138 0.04870 0.03850 0.04360 0.01020 0.00093 0.00110 23 7.1 yes
140 0.00736 0.00803 0.00769 –0.00066 0.00045 0.00060 –8 0.9 no
144 0.00188 0.00253 0.00220 –0.00064 0.00026 0.00056 –29 1.0 no
145 0.00562 0.00432 0.00497 0.00130 0.00042 0.00052 26 1.9 no
146 0.24500 0.04290 0.14400 0.20200 0.00217 0.00145 140 77.4 yes
147 0.00338 0.00332 0.00335 0.00006 0.00034 0.00064 1 0.1 no
149 0.00266 0.00224 0.00245 0.00042 0.00032 0.00039 17 0.8 no
151 0.00649 0.05680 0.03170 –0.05040 0.00065 0.00632 –159 7.9 yes
Continued on next page
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Table A.4 – continued from previous page
ID Rate1 Rate2 Mean Rate Difference Error1 Error2 Variability Signicance Significantly
[ct s−1] [ct s−1] [ct s−1] [ct s−1] [%] variable?
152 0.00175 0.00305 0.00240 –0.00130 0.00026 0.00045 –54 2.5 no
157 0.02850 0.02370 0.02610 0.00476 0.00069 0.00181 18 2.5 no
160 0.02960 0.02410 0.02680 0.00554 0.00082 0.00105 20 4.2 yes
163 0.00711 0.00760 0.00736 –0.00049 0.00071 0.00079 –6 0.5 no
166 0.00179 0.00231 0.00205 –0.00052 0.00040 0.00057 –25 0.7 no
171 0.71700 0.60300 0.66000 0.11500 0.00466 0.00593 17 15.2 yes
176 0.00526 0.00653 0.00589 –0.00127 0.00055 0.00078 –21 1.3 no
177 0.00382 0.00332 0.00357 0.00050 0.00045 0.00062 14 0.7 no
182 0.00594 0.00537 0.00566 0.00057 0.00101 0.00052 10 0.5 no
184 0.00131 0.00174 0.00153 –0.00043 0.00033 0.00039 –27 0.8 no
187 0.00103 0.00126 0.00115 –0.00023 0.00021 0.00033 –20 0.6 no
197 0.00666 0.00673 0.00670 –0.00007 0.00076 0.00097 –1 0.1 no
199 0.00209 0.01090 0.00650 –0.00882 0.00034 0.00186 –135 4.7 yes
203 0.00678 0.00307 0.00492 0.00371 0.00040 0.00049 75 5.8 yes
204 0.00473 0.00404 0.00439 0.00069 0.00040 0.00057 15 1.0 no
206 0.00555 0.00377 0.00466 0.00178 0.00064 0.00066 38 1.9 no
211 0.00343 0.00217 0.00280 0.00126 0.00033 0.00049 45 2.1 no
223 0.00196 0.00277 0.00236 –0.00081 0.00034 0.00044 –34 1.5 no
226 0.00336 0.00372 0.00354 –0.00036 0.00036 0.00048 –10 0.6 no
227 0.00176 0.00295 0.00236 –0.00119 0.00052 0.00072 –50 1.3 no
229 0.01210 0.00834 0.01020 0.00381 0.00116 0.00092 37 2.6 no
242 0.01380 0.00999 0.01190 0.00381 0.00058 0.00084 32 3.7 yes
243 0.00366 0.00257 0.00312 0.00109 0.00053 0.00064 34 1.3 no
244 0.04270 0.05280 0.04770 –0.01000 0.00133 0.00156 –21 4.9 yes
245 0.00269 0.00218 0.00244 0.00051 0.00038 0.00049 20 0.8 no
249 0.00907 0.00211 0.00559 0.00696 0.00118 0.00048 125 5.5 yes
250 0.01010 0.00898 0.00955 0.00113 0.00124 0.00097 11 0.7 no
251 0.01440 0.01140 0.01290 0.00292 0.00086 0.00098 22 2.2 no
257 0.05420 0.05790 0.05600 –0.00369 0.00143 0.00201 –6 1.5 no
258 0.01540 0.01080 0.01310 0.00462 0.00083 0.00102 35 3.5 yes
261 0.01040 0.00753 0.00896 0.00287 0.00074 0.00113 31 2.1 no
264 0.00674 0.00773 0.00723 –0.00099 0.00078 0.00112 –13 0.7 no
267 0.00823 0.00956 0.00890 –0.00133 0.00070 0.00223 –14 0.6 no
268 0.00338 0.00656 0.00497 –0.00318 0.00050 0.00161 –63 1.9 no
294 0.00267 0.00385 0.00326 –0.00118 0.00053 0.00096 –36 1.1 no
299 0.00366 0.00833 0.00600 –0.00467 0.00057 0.00187 –77 2.4 no
300 0.01960 0.02180 0.02070 –0.00211 0.00082 0.00143 –10 1.3 no
306 0.00465 0.00376 0.00421 0.00089 0.00054 0.00084 21 0.9 no
311 0.00359 0.01200 0.00779 –0.00840 0.00073 0.00192 –107 4.1 yes
328 0.00546 0.02300 0.01420 –0.01750 0.00057 0.00180 –123 9.3 yes
329 0.02790 0.09390 0.06090 –0.06610 0.00100 0.00309 –108 20.4 yes
333 0.03530 0.12500 0.07990 –0.08930 0.00112 0.00336 –111 25.2 yes
339 0.00551 0.01830 0.01190 –0.01280 0.00056 0.00370 –107 3.4 yes
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Table A.5: Same as Table A.5 for Field 2 (OBS3 & OBS4).
ID Rate3 Rate4 Mean Rate Difference Error3 Error4 Variability Signicance Significantly
[ct s−1] [ct s−1] [ct s−1] [ct s−1] [%] variable?
40 0.02130 0.00473 0.01300 0.01650 0.00102 0.00202 127 7.3 yes
52 0.00532 0.00234 0.00383 0.00298 0.00067 0.00049 77 3.6 yes
61 0.00313 0.00523 0.00418 –0.00209 0.00053 0.00117 –50 1.6 no
73 0.00911 0.01400 0.01160 –0.00491 0.00067 0.00095 –42 4.2 yes
79 0.00169 0.00264 0.00216 –0.00095 0.00038 0.00059 –43 1.3 no
80 0.00182 0.00206 0.00194 –0.00024 0.00043 0.00055 –12 0.4 no
85 0.00467 0.00685 0.00576 –0.00218 0.00057 0.00092 –37 2.0 no
86 0.01200 0.01280 0.01240 –0.00083 0.00082 0.00118 –6 0.6 no
93 0.00794 0.00399 0.00597 0.00395 0.00088 0.00059 66 3.7 yes
96 0.01240 0.00462 0.00852 0.00781 0.00130 0.00064 91 5.4 yes
101 0.00278 0.00263 0.00271 0.00016 0.00047 0.00054 5 0.2 no
102 0.00236 0.00192 0.00214 0.00044 0.00037 0.00044 20 0.8 no
104 0.00372 0.00237 0.00304 0.00135 0.00047 0.00064 44 1.7 no
106 0.00198 0.00321 0.00260 –0.00123 0.00038 0.00065 –47 1.6 no
108 0.01260 0.02000 0.01630 –0.00738 0.00066 0.00104 –45 6.0 yes
113 0.00529 0.00180 0.00354 0.00349 0.00093 0.00044 98 3.4 yes
116 0.01740 0.01860 0.01800 –0.00115 0.00127 0.00118 –6 0.7 no
117 0.00200 0.00302 0.00251 –0.00101 0.00034 0.00067 –40 1.3 no
121 0.00175 0.00452 0.00314 –0.00277 0.00049 0.00109 –88 2.3 no
124 0.00725 0.00648 0.00686 0.00077 0.00056 0.00076 11 0.8 no
128 0.00407 0.00226 0.00316 0.00182 0.00080 0.00058 57 1.9 no
130 0.00454 0.00307 0.00380 0.00147 0.00096 0.00047 38 1.4 no
133 0.00610 0.01170 0.00891 –0.00563 0.00053 0.00117 –63 4.4 yes
135 0.00450 0.00826 0.00638 –0.00376 0.00049 0.00177 –58 2.0 no
141 0.01070 0.00441 0.00757 0.00632 0.00051 0.00049 83 9.0 yes
142 0.00725 0.00778 0.00751 –0.00053 0.00046 0.00084 –7 0.6 no
146 0.20600 0.02640 0.11600 0.18000 0.00339 0.00112 154 50.4 yes
148 0.00615 0.00555 0.00585 0.00060 0.00047 0.00069 10 0.7 no
151 0.07890 0.08970 0.08430 –0.01080 0.00140 0.00172 –12 4.9 yes
156 0.01070 0.01600 0.01330 –0.00528 0.00064 0.00104 –39 4.3 yes
160 0.01450 0.00537 0.00993 0.00912 0.00100 0.00079 91 7.2 yes
161 0.00419 0.00184 0.00302 0.00235 0.00061 0.00050 77 3.0 no
167 0.00240 0.00207 0.00223 0.00032 0.00039 0.00041 14 0.6 no
168 0.00402 0.00291 0.00347 0.00111 0.00032 0.00043 31 2.1 no
169 0.00279 0.00250 0.00264 0.00030 0.00033 0.00047 11 0.5 no
170 0.00155 0.00217 0.00186 –0.00062 0.00025 0.00034 –33 1.5 no
177 0.00461 0.00284 0.00373 0.00177 0.00058 0.00053 47 2.3 no
179 0.00559 0.00509 0.00534 0.00050 0.00037 0.00098 9 0.5 no
180 0.00337 0.00223 0.00280 0.00114 0.00032 0.00042 40 2.2 no
183 0.00317 0.00193 0.00255 0.00124 0.00040 0.00037 48 2.3 no
186 0.00123 0.00158 0.00140 –0.00035 0.00026 0.00037 –25 0.8 no
193 0.00648 0.00316 0.00482 0.00332 0.00040 0.00042 68 5.8 yes
202 0.00315 0.00242 0.00279 0.00073 0.00055 0.00056 26 0.9 no
207 0.00266 0.00468 0.00367 –0.00202 0.00032 0.00102 –54 1.9 no
209 0.00285 0.00234 0.00260 0.00051 0.00035 0.00039 20 1.0 no
210 0.01360 0.02400 0.01880 –0.01040 0.00052 0.00093 –55 9.8 yes
212 0.00196 0.00183 0.00189 0.00013 0.00024 0.00036 7 0.3 no
214 0.00461 0.00145 0.00303 0.00316 0.00059 0.00039 104 4.4 yes
219 0.00500 0.00438 0.00469 0.00062 0.00034 0.00044 13 1.1 no
222 0.00148 0.00171 0.00159 –0.00023 0.00023 0.00033 –14 0.6 no
225 0.00347 0.00380 0.00363 –0.00032 0.00053 0.00049 –8 0.4 no
228 0.00136 0.00350 0.00243 –0.00214 0.00028 0.00044 –88 4.1 yes
230 0.00269 0.00222 0.00245 0.00047 0.00030 0.00039 19 0.9 no
232 0.00172 0.00253 0.00213 –0.00081 0.00029 0.00058 –38 1.3 no
233 0.00155 0.00304 0.00229 –0.00149 0.00032 0.00062 –65 2.1 no
235 0.00509 0.00723 0.00616 –0.00213 0.00036 0.00048 –34 3.6 yes
237 0.00280 0.00233 0.00256 0.00047 0.00027 0.00035 18 1.1 no
246 0.00237 0.00192 0.00215 0.00045 0.00027 0.00041 20 0.9 no
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Table A.5 – continued from previous page
ID Rate3 Rate4 Mean Rate Difference Error3 Error4 Variability Signicance Significantly
[ct s−1] [ct s−1] [ct s−1] [ct s−1] [%] variable?
247 0.00249 0.00308 0.00278 –0.00059 0.00029 0.00038 –21 1.2 no
250 0.00332 0.00195 0.00264 0.00137 0.00101 0.00050 52 1.2 no
251 0.01040 0.00237 0.00639 0.00804 0.00119 0.00051 125 6.2 yes
252 0.00241 0.00257 0.00249 –0.00016 0.00027 0.00044 –6 0.3 no
254 0.00205 0.00245 0.00225 –0.00040 0.00025 0.00034 –17 0.9 no
255 0.04250 0.02540 0.03390 0.01710 0.00110 0.00116 50 10.7 yes
259 0.00531 0.00232 0.00381 0.00299 0.00046 0.00038 78 5.0 yes
260 0.00941 0.00711 0.00826 0.00230 0.00047 0.00050 27 3.4 yes
261 0.00845 0.00482 0.00663 0.00363 0.00074 0.00059 54 3.8 yes
268 0.00356 0.00440 0.00398 –0.00084 0.00041 0.00049 –21 1.3 no
273 0.00174 0.00380 0.00277 –0.00206 0.00027 0.00067 –74 2.9 no
277 0.00215 0.00229 0.00222 –0.00014 0.00028 0.00055 –6 0.2 no
285 0.00434 0.02220 0.01330 –0.01790 0.00040 0.00147 –134 11.7 yes
290 0.01300 0.01920 0.01610 –0.00616 0.00078 0.00077 –38 5.6 yes
300 0.01310 0.00330 0.00822 0.00983 0.00111 0.00048 119 8.1 yes
304 0.00184 0.00239 0.00211 –0.00055 0.00036 0.00049 –26 0.9 no
305 0.00586 0.00148 0.00367 0.00437 0.00067 0.00036 119 5.7 yes
308 0.00522 0.00160 0.00341 0.00362 0.00077 0.00035 106 4.3 yes
311 0.01040 0.01110 0.01070 –0.00075 0.00125 0.00095 –6 0.5 no
312 0.00268 0.00207 0.00238 0.00060 0.00032 0.00043 25 1.1 no
314 0.00381 0.00320 0.00351 0.00061 0.00071 0.00067 17 0.6 no
317 0.00145 0.00325 0.00235 –0.00179 0.00030 0.00060 –76 2.7 no
318 0.00572 0.00540 0.00556 0.00032 0.00045 0.00053 5 0.5 no
321 0.00338 0.00357 0.00347 –0.00019 0.00040 0.00100 –5 0.2 no
322 0.00290 0.00387 0.00339 –0.00097 0.00049 0.00086 –28 1.0 no
324 0.00636 0.00353 0.00494 0.00283 0.00047 0.00061 57 3.7 yes
325 0.00591 0.00731 0.00661 –0.00140 0.00057 0.00095 –21 1.3 no
326 0.00674 0.00856 0.00765 –0.00183 0.00063 0.00168 –23 1.0 no
332 0.00388 0.00590 0.00489 –0.00202 0.00045 0.00065 –41 2.6 no
341 0.00181 0.00460 0.00321 –0.00279 0.00033 0.00066 –87 3.8 yes
343 0.00335 0.00373 0.00354 –0.00038 0.00044 0.00061 –10 0.5 no
344 0.00521 0.00592 0.00556 –0.00072 0.00081 0.00078 –12 0.6 no
346 0.00189 0.00206 0.00197 –0.00017 0.00037 0.00043 –8 0.3 no
359 0.00290 0.00276 0.00283 0.00014 0.00049 0.00062 5 0.2 no
360 0.00208 0.00412 0.00310 –0.00204 0.00040 0.00087 –65 2.1 no
363 0.00151 0.00331 0.00241 –0.00180 0.00035 0.00070 –74 2.3 no
369 0.00825 0.01080 0.00954 –0.00257 0.00075 0.00103 –26 2.0 no
371 0.01080 0.03380 0.02230 –0.02290 0.00082 0.00205 –102 10.4 yes
372 0.00201 0.00154 0.00178 0.00047 0.00044 0.00040 26 0.8 no
375 0.00486 0.00593 0.00540 –0.00107 0.00049 0.00109 –19 0.9 no
380 0.00456 0.00494 0.00475 –0.00039 0.00058 0.00095 –8 0.3 no
382 0.03720 0.07570 0.05640 –0.03850 0.00135 0.00233 –68 14.3 yes
385 0.00062 0.00383 0.00222 –0.00321 0.00021 0.00110 –144 2.9 no
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Table A.6: Sources, which have only beed detected once even though they were observed twice.
ID XMM-Newton coordinates Obs. ID
5 J004308.5+413022 OBS1
10 J004319.8+413640 OBS1
11 J004320.1+413619 OBS1
12 J004320.5+412616 OBS1
15 J004322.2+412347 OBS1
21 J004326.7+413542 OBS1
22 J004327.1+413554 OBS2
26 J004330.8+412100 OBS2
28 J004331.4+413605 OBS2
29 J004332.3+412058 OBS1
32 J004335.4+413127 OBS1
34 J004337.1+414048 OBS2
35 J004338.2+413736 OBS1
44 J004342.9+413811 OBS1
45 J004344.2+414736 OBS3
46 J004344.5+412410 OBS2
49 J004346.8+413839 OBS1
55 J004349.0+415204 OBS3
56 J004349.2+415533 OBS3
59 J004350.6+412729 OBS1
62 J004351.6+414239 OBS3
65 J004353.1+415459 OBS3
66 J004353.4+414711 OBS3
70 J004354.3+413102 OBS1
71 J004354.8+414043 OBS1
78 J004357.1+414821 OBS3
81 J004357.3+413842 OBS1
82 J004357.4+413449 OBS2
88 J004400.0+411855 OBS2
90 J004401.0+414646 OBS4
91 J004401.1+413946 OBS1
92 J004401.3+415636 OBS4
95 J004402.5+411711 OBS1
97 J004403.2+411805 OBS1
98 J004403.3+412741 OBS1
99 J004403.5+413413 OBS1
107 J004405.0+415235 OBS3
109 J004406.1+414925 OBS4
110 J004406.4+415735 OBS3
111 J004406.5+412823 OBS1
112 J004406.5+413608 OBS1
115 J004407.6+412501 OBS2
121 J004409.9+413345 OBS1
123 J004410.6+415014 OBS3
125 J004411.4+412525 OBS1
126 J004411.9+413216 OBS1
129 J004412.3+413731 OBS1
132 J004413.3+412728 OBS1
136 J004414.8+415750 OBS3
137 J004415.9+415942 OBS4
139 J004416.4+413223 OBS2
143 J004418.3+412517 OBS1
150 J004422.3+413850 OBS3
153 J004423.0+415536 OBS3
154 J004423.2+414009 OBS4
155 J004423.5+414916 OBS3
158 J004424.8+413730 OBS4
159 J004424.8+414807 OBS3
162 J004425.8+413525 OBS1
164 J004426.4+414342 OBS1
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Table A.6 – continued from previous page
ID XMM-Newton coordinates Obs. ID
165 J004426.4+415820 OBS3
172 J004429.7+411743 OBS1
173 J004429.7+415314 OBS3
174 J004430.0+415500 OBS3
178 J004431.1+414905 OBS4
181 J004431.9+415629 OBS3
185 J004432.1+415505 OBS3
188 J004433.8+412153 OBS2
189 J004433.8+415548 OBS3
190 J004434.6+413144 OBS1
191 J004434.8+415427 OBS3
192 J004434.9+412513 OBS1
194 J004435.2+412141 OBS1
195 J004435.4+414534 OBS4
196 J004435.6+412511 OBS2
200 J004437.9+414355 OBS1
201 J004438.1+412523 OBS2
208 J004441.9+414026 OBS3
213 J004443.4+412656 OBS2
215 J004443.6+420158 OBS4
216 J004444.6+412821 OBS2
220 J004445.8+412641 OBS1
221 J004445.8+412147 OBS1
224 J004446.2+413609 OBS1
231 J004448.7+412857 OBS1
234 J004448.9+420026 OBS4
236 J004449.4+414526 OBS3
238 J004449.8+415307 OBS3
239 J004449.9+415242 OBS3
240 J004450.5+415421 OBS3
241 J004451.0+415458 OBS4
248 J004453.4+420214 OBS3
253 J004455.7+415656 OBS3
256 J004456.8+415352 OBS3
262 J004500.1+413948 OBS1
263 J004500.1+412517 OBS1
265 J004500.3+420116 OBS3
266 J004500.3+413128 OBS1
269 J004501.2+412812 OBS1
271 J004502.2+415408 OBS3
274 J004502.7+412230 OBS2
275 J004503.8+415819 OBS4
276 J004504.2+414011 OBS1
278 J004504.2+412809 OBS1
279 J004504.8+412229 OBS1
280 J004505.4+412504 OBS1
281 J004506.7+415325 OBS3
282 J004507.5+415357 OBS3
284 J004508.4+413512 OBS3
286 J004509.4+415002 OBS3
287 J004509.6+415812 OBS3
288 J004510.9+415901 OBS4
289 J004510.9+413246 OBS1
291 J004511.2+412228 OBS1
292 J004511.2+415854 OBS3
295 J004512.2+420019 OBS3
296 J004512.7+412053 OBS2
297 J004513.4+412714 OBS1
298 J004513.5+420149 OBS4
301 J004514.4+414150 OBS4
302 J004514.5+420057 OBS3
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Table A.6 – continued from previous page
ID XMM-Newton coordinates Obs. ID
307 J004516.1+412302 OBS1
309 J004517.9+415315 OBS3
310 J004518.1+412441 OBS1
313 J004520.4+412731 OBS1
315 J004522.0+415841 OBS3
316 J004522.4+412759 OBS1
319 J004522.6+414613 OBS4
320 J004522.9+413818 OBS3
327 J004526.8+420016 OBS3
330 J004527.7+415110 OBS3
334 J004528.8+415015 OBS3
335 J004529.0+414101 OBS3
337 J004529.3+413525 OBS2
338 J004529.4+415104 OBS3
342 J004531.8+412759 OBS1
345 J004532.9+415702 OBS3
347 J004533.2+414329 OBS4
350 J004534.8+415607 OBS3
351 J004534.9+414951 OBS3
354 J004535.8+413322 OBS1
355 J004535.9+413901 OBS3
356 J004536.2+414707 OBS4
357 J004537.2+414658 OBS3
361 J004538.6+414206 OBS3
364 J004540.2+415225 OBS3
367 J004542.3+414833 OBS4
368 J004542.4+414712 OBS3
374 J004545.9+415009 OBS3
376 J004548.7+414803 OBS3
377 J004552.1+415351 OBS3
378 J004553.4+414513 OBS3
381 J004555.8+414556 OBS3
383 J004559.7+414827 OBS4
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